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SUMMARY

A prediction system is presented whereby stand and stock tables are calcu-
lated for young natural longleaf pine stands of varying initial density. Tables
can be output for stand conditions of 10 to 20 years of age, 300 to 1,500 initial
trees per acre (at age 10), and 70 to 80 feet in site index (index age 50). The
system also allows one to translate from density expressed as trees per acre at
an age between 10 and 20 years to basal area at age 20 and thereby gain entry
to another stand volume prediction and projection system for thinned natural
longleaf pine that is operable for stand ages of 20 years and older.



Predicting Stand and Stock Tables from a Spacing Study in
Naturally Regenerated Longleaf Pine

Robert M. Farrar, Jr.

INTRODUCTION

Stand volume and volume growth prediction sys-
tems for natural, even-aged stands of southern pines
usually use basal area as the stand density variable,
and predictions usually are not feasible before about
20 years of age. Basal area is a very practical density
measure for stands about this age or older but not
very informative or useful if stands are younger, espe-
cially if many of the trees are less than 4-1/2 feet tall.
Since intensive management calls for volume and
growth information at these younger ages, methods
are needed to translate from one density measure at
an early age (such as trees per acre) to basal area at
a later age. The following paper outlines a system
developed to do this for young stands of natural long-
leaf pine (Pinus palustris Mill.) by predicting stand
and stock tables.

METHODS

Study Area

The data were gathered from a natural stand spac-
ing study initiated in the winter of 1967-68 on the
Escambia Experimental Forest in south Alabama.
The study area was a 40-acre stand of dense, even-
aged young longleaf pines, resulting principally from
seed-tree regeneration in 1957 and 1958. Seed-trees
were removed in 1961. In 1963, stand density ranged
from about 3,000 to 8,000 trees per acre and averaged
about 6,000. In 1967, when the study was installed,
the stand was 9 to 10 years old from seed. Tree sizes
then ranged from grass-stage seedlings to trees about
3 inches in d.b.h. and 20 feet tall. Dominant and
codominant trees averaged 6 to 10 feet in height. The
soil of the area is Alaga loamy sand, which is common
on ridges and upper slopes in the rolling middle Gulf
Coastal Plain. At about age 20, the site index (Farrar
1973) estimated on study plots ranged from 71 to 86
feet at 50 years and averaged 79 feet.

Treatments

Five tree-frequency densities were replicated three
times on 1/5-acre permanent plots with 1/2-chain iso-
lation strips in a completely randomized design.
Residual densities of exactly 300, 600, 900, 1,200, and
1,500 trees per acre were initially established by man-
ually cutting the trees that appeared poorest in vigor.
No record was kept of the numbers of trees removed.
All hardwoods with d.b.h. = 1 inch were killed during
the summer of 1968, and the study area was prescrip-
tion burned in the winters of 1973-74, 1975-76, and
1977-78. No subsequent thinnings have been made.

Inventory

All trees on the 1/5-acre net plot were positively and
permanently identified. Their d.b.h. was measured to
the nearest one-tenth inch on all trees taller than
breast height, and a systematic sample was made of
total heights and heights to the live crown base by
measuring these heights on every sixth tree in each
I-inch d.b.h. class (including the zero class) to the
nearest foot. At least 2 trees were measured per d.b.h.
class, if available, and at least 10 were measured per
plot. Inventories were repeated at 2-year intervals
and occurred in the dormant season. In the winter of
1973-74, at about stand age 15 years, all dominant
and codominant sample trees were bored at 4 feet to
determine age (age = ring count + 7 years). At least
five trees were aged per plot. The mean age deter-
mined in this fashion agreed closely with the histori-
cal records of reproduction on the area. The last in-
ventory reported on herein was made in the winter of
1977-78.

Analysis

Rather than analyze the stand characteristics and
volume production data to simply detect any signifi-
cant discrete differences among treatments, it was
decided to employ techniques used to generate pre-
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dicted stand and stock tables for unthinned pine plan-
tations in relation to stand age, site index, and den-
sity. This would allow predictions for a range of stand
conditions (bounded by the limits of the data) rather
than simple treatment means. This approach necessi-
tated the development of the following six groups of
prediction system components by site index and age at
the stand level and/or at the d.b.h. class level.

1. A stand-level predictor (eq. 3a)  for mean domi-
nant height (dominant and codominant trees) that
uses a published site-index function to widen its util-
ity. The published site-index function chosen (Farrar
1973) was the one for natural longleaf from USDA
Miscellaneous Publication 50 (U.S. Forest Service
1976), hereafter called MP50, because the trends of
dominant height observed in the study followed this
MP50 function better than other available site-index
functions. A given MP50 site-index value at index age
50 for a stand is translated to MP50 site index at
index age 20 (eg. 1). This latter value is used with the
dominant height function (eq.3d) developed from
study data to extend the dominant height estimates
from age 20 down to age 10 (eq. 3a). The MP50 func-
tion could not be used alone because it does not allow
predictions below about age 15, and the study func-
tion could not be used alone because its limited data
base does not allow it to be a generally suitable site-
index function.

2. A stand-level function that predicts the survival
of all trees (eg. 4) and one that predicts the number of
surviving trees 1 inch d.b.h. and larger from age 10
into the future by 1 -year increments up to age 20 (egq.
5). For other species, a predictor for trees 1 inch d.b.h.
and larger would be the only one needed. But, since
longleaf has a grass-stage and trees can remain in
this stage for many years, the first predictor is also
necessary here. These functions are similar to a model
presented by Hamilton (1974).

3. A mean total height predictor for each 1 -inch
d.b.h. class (eg. 6a). This function essentially predicts
a proportion for each d.b.h. class that modifies stand
mean dominant height. This function is similar to the
model presented by Clutter and Belcher (1978).

4. A mean crown ratio predictor for each 1 -inch
d. b. h. class (eq. 78). The underlying model is identical
in form to the one in eq. 6a, but employs stem length
(or height to the live crown base) as the dependent
variable.

5. A function that predicts the number of treesin
each 1-inch d.b.h. class (eg. 8a). This predictor utilizes
the Weibull cumlative density function and estimates
of the “b” and “¢” parameters that are predicted by the
stand variables age, dominant height, and trees per
acre (eq. 8b, 8c). The “a” parameter was fixed at 0.55

‘Numbers and letters refer to equations presented in Appendix A.
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because it is possible for any natural longleaf stand
aged 10 through 20 years to have a tree in the first
I-inch d.b.h. class. The “b” and “¢” parameter predic-
tors were developed using the fitted values of “b” and
“c” from a maximum-likelihood program developed
for this purpose at the Southern Forest Experiment
Station (Bailey 1974).

6. A set of tree volume-defining functions (Farrar
1981) for natural longleaf pines (eq. 10-15).

All functions were fitted using ordinary least
squares multiple linear regression.

RESULTS AND DISCUSSION

All of the above groups and component parts are
presented in Appendix A, along with certain relative
statistics for each critical component in Appendix B.

Also, the components have been inserted into a
BASIC computer program (Appendix C) that allows
generation of stand and stock tables for stands having
the specifications and limits shown in table 1.

Appendix D shows example output from this pro-
gram, stand and stock tables for ages 10, 15, 20; site
index 70 and 80; and 300, 600, 900, 1,200, and 1,500
initial trees per acre (all trees, at age 10). By modify-
ing a few program lines, the program can predict ta-
bles for other combinations of stand initial and final
age, site index, and initial density within the above
limits on minimum and maximum values given in
table 1.

Several trends are evident upon inspection of these
Appendices. Survival of all trees (TSO) is inversely
related to initial density and is very good for the 10-
year period studied. The poorest survival was 88 per-
cent at age 20 for 1,500 initial trees per acre at age 10
and site index 70. Similarly, the poorest survival on
site index 80 was 95 percent for otherwise similar
conditions. These trends probably hold through age
20, but beyond that one would expect survival to be-
come relatively poorer for site index 80 as competition
becomes more intense on these better sites (Dell and
others, 1979).

The modal d.b.h. class advances with age and the
advance is most rapid for the lowest initial stand den-

Table |.-Specifications and limits of stand and stock tables

Stand Minimum Maximum
variable value value
Age (years) 10 20
Site index (feet)
(MP50, index
age = 50) 66 85
Initial number of
trees per acre
at age 10 300 1,500




sity. This effect is shown in figure 1 for initial densi-
ties of 300 and 1,500 trees on site index 70. Increasing
site index accelerates the advance.

The number of trees per acre 1 inch d.b.h. and
larger (TS1) is directly related to initial density, in-
creases with age, and approaches and asymptote or
declines slightly due to mortality in the higher densi-
ties (fig. 2). Increasing site index tends to increase the
number of such trees at any age for any initial den-
sity.

The quadratic mean d.b.h. is negatively related to
density, appears to approach an asymptote with den-
sity, and increases positively with age (fig. 3). The
effect of site index is positive. The arithmetic mean
d.b.h. response is similar but the values are, of course,
smaller.

Total basal area per acre is positively related to
initial density and age and appears to approach an
asymptote with density (fig. 4). Over the lo-year pe-
riod, the growth rate accelerated during the last 5
years for the lowest initial density and decelerated for
the highest. The effect of site index is positive.

Mean crown ratio has a differential response to ini-
tial density and age (fig. 5). At the three lower densi-
ties it increases to a peak at middle ages and then
declines with age, but at the two higher densities it
generally declines slowly to the middle ages and then
declines more rapidly. It appears to approach an
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Figure |.-Predicted d.b.k. distributions for 300 (solid line) and

1,500 (dashed line) initial trees per acre at ages 10, 15,
and 20 years, siteindex 70.
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Figure 2.-Predicted number of trees per acre (d.b.h.=0.6") at ages
10 through 20 years by initial stand density at age 10,
siteindex 70.
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Figure 3.-Predicted quadratic mean stand d.b.h. at ages 10
through 20 years by initial stand density at age 10, site
index 70.
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Figure J.-Predicted total stand basal area per acre at ages 10
through 20 years by initial stand density at age 10, site
index 70.
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Figure B.-Predicted stand mean crown ratio percentage at ages 10
through 20 years by initial stand density at age 10, site
index 70.

asymptote with density. The general effect of increas-
ing site index is to lower the crown ratio about 5 to 10
percentage points.

The total cubic-foot volume, inside bark, per acre
(TVI) response is similar to the response of total basal
area to age and initial density except that the growth
rate appears to be accelerating for all densities over
the lo-year period (fig. 6); probably because height
growth is overcoming any reduction in basal area
growth. The effect of site index is positive. The greater
the age, site index, and initial density; the greater the
total volume.

Merchantable cubic-foot volume, inside bark
(VI43), is zero for all densities and both sites at age 10.
By age 15, the 900-trees-per-acre density has the most
volume on site index 70 (fig. 7) and 80. By age 20,

volume has increased at an increasing rate such that
the 1,200-trees/acre density has the most volume on
site index 70 and the 1,500-trees/acre density on site
index 80.

The merchantable mean annual volume (VI43) in-
crements to age 20 are not striking, but the responses
between age 10 and 20 are impressive, particularly
for the last 5 years. For the period age 10 to age 20, the
maximum predicted growth rates are 61.2 cubic feet/
acrelyear for site index 70 and 1,200 initial trees. For
site index 80, the maximum is 101.5 cubic feet for
1,500 initial trees. Assuming 80 cubic feet/cord, these
figures translate to 0.77 and 1.27 cords/acre/year. For
the last 5 years (age 15 to 20), the maximum rates are
99.7 and 170.5 cubic feet/acre/year for site indices 70
and 80, respectively, and both for initial densities of
1,500 trees. These figures translate to 1.25 and 2.13
cords/acrelyear.

If maximum stand merchantable cubic-foot volume
production is desired, the results through age 20 do
not suggest any practical benefit from having more
than about 900 to 1,200 trees per acre at age 10 since
these densities produced maximum or near-maximum
volumes. However, if maximum total cubic-foot vol-
ume is desired, the highest initial density (1,500
TSO,) is indicated. This information supports earlier
conclusions (Farrar 1974) that to maximize early mer-
chantable cubic-foot yields a density range of 500 to
1,000 established trees per acre appeared optimal and
that, for this purpose, precommercial thinning should
be considered only if stand density exceeded 1,000
crop seedlings at age 5 to 10 years. As the study con-
tinues, it may develop that a medium initial TSO
density will maximize early sawtimber volumes also.
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Figure B.-Predicted stand total cubic-foot volume, inside bark, per
acre at ages 10 through 20 years by initial stand density
at age 10, siteindex 70.
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Figure T.-Predicted stand merchantable cubic-foot volume, inside
bark, per acre at ages 10 through 20 years by initial
stand density at age 10, site index 70.

Preliminary results from this spacing study have
been reported in two previous publications (Farrar
1974, 1979a). At the time of the first (Farrar 1974),
neither the ages from seed (from increment borings)
nor the site index were determinable. Age, although
not specifically stated, was age from seed-tree re-
moval which is 2 to 3 years younger than age from
seed. Average site index was estimated in surround-
ing 60-year-old stands on similar soils to be about 70
feet. If the data in Farrar (1974) are updated to reflect
the average age from seed (15 to 16 years) and the
average site index (MP50) of about 80, the results are
comparable to those presented herein.

In the second publication (Farrar 1979a) the ages
are from seed but the average site index was esti-
mated to be in the 70 class (about 75) by the site-index
function in Farrar (1979b). If this site index is trans-
lated to MP50 site index, the value is about 80. Then,
with due allowance for a different survival function in
Farrar (1979a), the results are comparable. Since the
results reported in these two previous publications
were preliminary, they can be regarded to be super-
seded by the results reported herein.

To see, on the average, how well the prediction sys-
tem reproduces certain observed stand values for the
15 plots at nominal ages 10, 15, and 20 years;_the
mean difference (d), percent mean difference (%d),
root mean square difference (RMSd), and root mean
square percent difference (RMS%d) were calculated

and are presented in table 2. The latter two measures
are comparable to absolute (algebraic sign ignored)
values. The “observed” values for each plot at each
age were determined by the procedures given by Far-
rar (1979b) for plot inventory summary. Briefly, ob-
served volumes were obtained by fitting a total height
function in terms of d.b.h. for each plot, using this
function in conjunction with the tree volume formulae
presented herein to estimate a volume for every tree
on the plot, and summing tree volumes to obtain plot
volumes. Observed trees per acre and basal area were
the actual values per plot. Observed ages were the
actual mean age at nominal ages 10, 15, and 20 years
for each plot.

Predicted plot values were obtained by using the
following inputs to the appended program:

a. Site index (MP50) observed at nominal age 20 on
each plot.

b. The actual plot age at nominal age 20 and back-
dated 5 and 10 years to obtain estimates at nominal
ages 15 and 10.

¢. The number of trees at the age in b., above, were
obtained via the survival function (eq. 4) by starting
with the treatment densities at the backdated age at
nominal age 10 and projecting forward 5 and 10 years.

The results of this exercise (table 2) suggest that
the predictions improve with time and that all are
within usable limits. At ages 15 and 20, they are com-
parable to results from other studies of natural even-
aged southern pine growth and production (Farrar
1979b, Murphy and Sternitzke 1979, Murphy and
Beltz 1981). At age 10, the percentage differences are
comparatively large but small in real terms. This is
not surprising because at this young age there is con-
siderable variability in the stand taller than breast
height. Later, as more of the stand passes the breast-
height threshold, stand traits become more pre-
dictable.

If stand and stock tables are desired for conditions
other than those shown in the Appendix, but within
the study limits, the program (Appendix B) can be
modified to provide output for any integer age be-
tween 10 and 20 years, any site index in the 70 and 80
classes, and any initial integer number of trees per
acre between 300 and 1,500. The desired input values
are specified in line 80, and lines 120,130, and 140 are
modified as needed. For example, if annual output is
desired for site index 75 at ages 13 through 17 for 750
initial trees per acre at age 13, the input would be 75,
75,13,17, 750, 750 and line 140 would be altered to
read: FOR A=A1to A2 STEP 1.

If for some reason the MP50 site-index function is
not deemed appropriate, but the rest of the process is
considered suitable, some other site-index function
thought to be more appropriate can be solved as a
dominant-height function at age 20 and substituted in
line 280.



Table 2.-Goodness of fit” statistics for the stand and stock table prediction system’

Predicted value n Obs d %d RMSd RMS%d
Age 10
TS1 (no.) 15 349.7 -5.07 5.2 63.73 24.4
B (ft2?) 15 3.2 0.08 6.4 0.76 26.1
TVO (f3) 15 28.6 0.05 5.4 7.00 27.1
TVI (ft3) 15 14.8 0.15 5.9 3.93 28.7
vo43 (ft3 . L e
VI43 (ft3) L. . s el e
Age 15
TS1 15 830.7 30.13 0.04 74.66 7.4
B 15 43.1 -0.49 -0.8 431 10.3
TVO 15 690.7 -23.85 -4.3 83.09 12.3
TVI 15 453.3 - 15.66 -3.2 55.73 12.6
vo43 15 347.3 ~12.55 -3.0 54.05 16.2
V143 15 233.3 -6.7 -2.3 36.72 16.5
Age 20
TS1 15 832.0 30.20 38 61.26 6.4
B 15 68.0 -0.71 -0.6 451 6.9
TVO 15 1454.8 -4.13 0.1 115.09 8.6
TVI 15 1012.0 -4.43 -0.01 81.71 8.8
vo43 15 1088.1 -23.26 -1.4 102.84 9.8
V143 15 767.6 -16.4 -0.4 72.97 9.8

in = number of observations
y; = ith observed value
§; = ith predicted value

n
Obs = (Z(yi))/n
i=1

n
d =(Z @ - yi))/n

Besides providing estimates of the production in 10-
to 20-year-old longleaf stands, this system can provide
entry to other growth and production prediction sys-
tems that usually start at about age 20. For example,
assume that we have a longleaf stand at age 10 that
has 1,200 trees per acre and a site index of 70 feet
(MP50) and we would like to estimate its volume at
age 25. At age 20, Appendix C shows this stand should
have a dominant height of 36.4 feet, 68.9 square feet
of basal area (B), and the following cubic-foot volumes
per acre: total, inside bark (TVI) = 930; mer-
chantable, inside bark (VI43) = 612. The indicated
merchantable periodic annual increment from age 15
to 20 is 97.8 cubic feet. Using the functions in a re-
cently published system for volume growth and pro-
duction prediction for thinned natural longleaf (Far-
rar 1979b) that uses some of the same tree

n
%d = (2 (5~ y/y/n *(100)
i=1 )

n
RMSd = _ | (Z - y;)z)/n
=1

, n
RMS%d = \/ ( 2 ;- yly i)2>/n*(100)
i=1

.= no data observed or predicted

volume-defining functions but a different site-index
function, the following values are obtained at age 29.
The 36.4-foot dominant height translates to a site :n-
dex (Farrar 1979b) of 65.6 feet and the cubic-fool : ol-
ume estimates are TVI = 914 and V143 = 661. These
are within +2 to 8 percent of the above values. At age
25, the predictions from the functions in Farrar
(1979b) are B = 99 square feet/acre, TVI = 1,639, and
V143 = 1,390.

The estimated average annual growth from age 20
to 25 is 6 square feet of basal area and 145.8 cubic feet
of merchantable volume or 1.82 cords. The mer-
chantable mean annual increments at ages 20 and 25
(33.1 and 55.6 cubic feet) suggest that the periodic
annual cubic-foot volume increment has not peaked
for this stand by age 20.
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Appendix A-System Predictor Groups and Components

(1) H20 = (S50)( 10){g(20)—g(50)}

() Sgo = (Hgg)lexp{f(20) — f(20)}] = Hy,

(3a) HD1, = (Syp)lexp{f(A) — f(20)}]

where; Hy0 = mean height of dominant stand at age
20, predicted from MP50 dominant-
height function (Farrar 1973), feet

S50 = site index, index age 50 years, feet
(65 <S5y = 85)

(3b) g(A) = -11.870(1/A) + 1263.79(1/A)3
—12409.5(1/A)* (Farrar 1973)

Sqp = site index, index age 20 years, feet

(3¢) f(A) = 51.5672(1/A) — 976.490(1/A)?
+ 3836.84(1/A)3!

‘From the fitted function:

(3d) In(HD1, = 3.08908 + 51.5672(1/A) — 976.490(1/A)?
+ 3836.84(1/A)8

A = given age, years

HD1, = predicted mean height of dominant
stand at age A, feet (A, here, = 10, 11,
---19, or 20).

Total tree frequencies per stand at age A

The number of surviving trees per acre is predicted
in an iterative fashion by a modified form of a function
presented by Hamilton (1974).

(4) TSO, +, = TS0,/[0.99999 + exp{-20.964
. +1.1808(A) — 0.25569(HD1,)
+ 0.0031657(TSO )}

where: TSQ, = number of surviving trees per acre
(all) at age A years

TS0, ., = number of surviving trees per acre
(all) at age (A + 1) years. Note that
TSO, + 1 becomes TSO, for each
new iteration of this function. Mini-
mum A = 10, maximum (A + 1) = 20,
minimum TSO,, = 300, maximum
TSOIO = 1,500



The number of surviving trees in the I-inch class and
larger is predicted by:

(5)  TS1, = TS0,/0.99999 + exp{3.7052
— 2.5068(HD1,/A)
- 94.772(HD1,/TSO)}]

where: TS1, = number of surviving trees per acre
(d.b.h. > = 0.6 inches) at age A years.

Mean height for a given d.b.h. class at age A
(6a)  HI1;, = (HD1p)[exp{bgs + b1a(1/Dp}]

where: H1;, = predicted mean tree total height for
the ith I-inch d.b.h. class at age A, feet

(6b) by = 0.23727 + 5.9139/HD1,

(6¢) by = -0.19070 ~ 0.012645(TS1,/A)
- 0.11953(HD1,) + 0.0010798(TS1,)
+ 0.0016258(HD1 )2

. D;= midpoint of the ith 1 inch d.b.h. class,
inches.

Mean crown ratio for a given d.b.h. class at age A

(7a) CRiA = {(Hl,A - SLIA)/HIIA}(IOO)

where: CR;, = mean crown ratio for the ith I-inch
d.b.h. class at age A, percent

(Tb)  SLyy = (HD1,)[exp{cys + ¢;a(1/D)}]

where: SL;, = predicted mean tree height to the live
crown base for the ith l-inch d.b.h.
class at age A, feet

(Tc) Coa = 3.4392 — 0.54950(A)
+ 0.045001(HD1) + 0.00057003(A3%)
+ 0.000000048139(A3)(TS1,)

(7d) c1a = -0.53734 —0.0025185(A2)
+ 0.000018202(A)(TS1,).

Tree frequencies by d.b.h. class at age A

(8a) TS]‘iA = N2A - N1A
where: N1, = (TS1,)[1 — exp{—((D; — a)/b,)*4}]

N2, = (TS1,)[(1 — exp{—((D; + 1—a)/b,)°4}]
and

TS1;, = number of surviving trees per acre
(d.b.h. > =0.6 inch) in the ith I-inch
d.b.h. class at age A years.

a=0.55

(8b) b, = -0.78012
— 0.000084899(HD1,)(TS1,)
+0.17355(HD1,)

+ 0.00087836(TS1,)
— 0.0000013083(HD14)%(TS1,)
+0.0000000010321(HD1,)%(TS1,)?

(8c) ca = 0.80699 —0.00025619(HD1,)(TS1,)
+0.00000010200(HD1,)(TS1,)?

+0.16045(HD1,)
+ 0.00096973(TS1,).

Basal area per acre by d.b.h. class at age A

(9)  Bi = (TS1,,)(m/576)(D;)?

where: B;, = basal area per acre in the ith l-inch
d.b.h. class at age A, square feet.

Mean tree volume for a given d.b.h. class at age A

(10) TVI;, = 0.00535 + 0.0021971(D,)3(H1,,)

where: TV, = tree volume in cubic feet, inside bark,

from a 0.2-foot stump to a zero-inch
top d.o.b., d.b.h. >=0.6 inch
(11)  TVO;s = (TVI {1 + (10°)(TVI,)™}

where: TVQ;, = same specifications as TVI;, except
outside bark

by = -0.30925
b, = -0.21895
(12)  VI42j, = (TVL, A1 + (10°02)(TVI,,)*12}
where: VI42;, = tree merchantable volume in cubic
feet, inside bark, from a 0.2-foot
stump to a 2-inch top d.o.b,,
d.b.h. > = 3.6 inches
b02 = -1.2415
b,y = -1.2107
(13) V042, = (VI42,){1 + (10™)(VI42,,)"}

where: VO42;, = same specifications as VI42;,except
outside bark

(14)  VI43,, = (TVI, )AL + (10°03)(TVI,,)"13}

where: VI43;, = tree merchantable volume in cubic
feet, inside bark, from a 0.2-foot



stump to a 3-inch top d.o.b.,
d.b.h. > = 3.6 inches

bes = -0.54930
b13 = -1.3024
(15)  VO43;, = (VI43;{ 1 + (10°0)(VI43,,)"1}

where: VO43;, = same specifications as VI43;, except
outside bark.

Per acre tabular values

n

(16) TS1,= D, (TS1;y)
i1

n
(17) BA =_Z (BiA)

n

(18) Volume, = Z {(Volume;,(TS1;,)}
=1

where Volume, = a total volume and Vol-
ume;, = volume per tree in the ith l-inch d.b.h.
class, for any volume function

n
(19) Da ={ >, (D)TSL; )} TSI,

where D, = arithmetic mean d.b.h.

(20) Dg = VBAA(n/576)(TS1,)}
where BQ = quadratic mean d.b.h.
(21) % Survival = TS0,/TS0,4
n
(22) CRa={, (CRi)TS1;)}TS1,

where CR, = arithmetic mean crown ratio per-
centage.

Appendix B-Coefficient of Determination and Standard Error of Regression for

Fitted Functions

Equation no. n
(3d) 90
4) 150
(5) 90
(6b) 90
(60) 90
(7c) 90
(7d) 90
(8b) 90
(8¢c) 90

R2or r2 Syx
0.987* 0.063*
0.315* 2.653*
0.735* 2.211*
0.811 0.094
0.727 0.214
0.482 0.280
0.204 0.397
0.984 0.148
0.846 0.327

*In logarithmic form, from regression where y was transformed

to In (y).



Appendix C-BASIC Program to Generate Predicted Stand and Stock Tables for
Young Natural Longleaf Pine

18 FEM THIZ PROGRAM "LLZ&S0" GEWERATES STAMD AWD STOCH TRELES FOR YOLNG
HATURAL LOHNGLEARF PIHE STANDS HAYIHG IMITIAL AHD FIMAL AGES RBETHWEEH 18 AMD

26 FEM 28 YEARS., SITE IMDEY CIMDEX ArE 58 YEARS, MISC. FUEBL. S8 OF 85 TO &5
FEET, AMDIMITIAL DENSITIES OF =838 TO 1500 TREES PER RCEEAT INITIAL RAGE.

24 OFTIONEBASE L

40 PRINTER IS 0

61 INTEGER H,&,I

70 REAL HM1,Hz, Hl «36,, Ta 20

20 IHPUT "’1 Hg.HI Hh.Tl T2 2?",51,52,A1,R2,T1,T2

81 PRIHTLIH!SJ

98 IMAGE “YIELDS GIMEM TS0 ¢ #  OF TREES FER ACRE AT UESIRED iMITIALAGEY WITH T

YPICAL SURY I WAL--"

100 FRIMT USING 90

101 PRIKT LIM(32

110 H99=1

128 FOR £=51 T0 S2 STEF 1 O

130 FORTE®=T:L TO T2 STEP 300

140 FOR HA=A! TO AZ STEP 1

150 IF H99»=3 THEN 1893

168  IF AL*18 THEN 270

170 GOTO 2809

171  WHIT 500

172 PRINT LIMWC12:

126 IMAGE 4@, "CcuU, F T . WOL.RABOIYEB.Z FT. STUNMP"

190 PRINT USING 180

191 G070 224

132 PRINT LIHM¢ 121

286 IMARGE 48+, "CU, FT. wOL. REBOYE @.2 r1. STUMP®

210 PRINT USING 200

211 IMAGE 484, “HLL TREES # 4- IMCHCLRSS & UP®

212 PRINT USIHG 211

228 IMAGE 13K, "AY.",4¥," STEMS", 14K,9("%"), "FOR 0.E. TOPS OF--—-",9¢%%")

238 PRINT USING 220

240 IMAGE 1¥,"TS0 SI AGE D+0C DEH PER BASAL CR  AY. B8 INCHES * = IMHCHES
* 3 IMZHESY

258 PRINT USING 240
268 IMAGE13X, “HT. ",5%,"ACREARER", &%, “HT. o.b. iLbe % o.b. i.b. ¢ o.b.
i.b."

(AT x 5

PRINTUSIN GZ&0
IMAGE 3¢ ")
FRINTUSIHG 262
H59=H33+1

I FH39=4 THEN H23=2
HaB=5+,528219437347
Ta{AR1»=TY

FOR I=A1TO A2 STEP 1

St PO D) =

o

Hicly=Hz03ERP(5L,5672,1-975,4%1~2+3336, 34, loze. g1674y
TECI+10=TAII /0, 999FF+EXP (-20, F64+1, 18A8% -, Z55E95H1 (1 3+, BE31E57THI [ 10

HEXT |

| =H

TI1=TRCI ¢ 33999 +EXP . FRSZ-2. 00682 (HLI I 0 T 0 =34, PFos HL (T3 TR 0000

A4=.55

-=‘-?851:—S.4“92E—J+H1(1J+T11+ ITASS*HI T »+3, 7Ta35E-4T11-1,3033E-gsHlelinox
+1,0321E-9sHL1¢ly~25T11-

o o

— OO L) L LDy PRI N PRI N ORI R R
— N fa LTS e @ 0 oo Y m

— O &
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278
388
390
4060
416
429
430
448
450
468
461
476
471
4ai
448
S@a
51q
520
530
540
554
568
570
556
581
Sgz
583
584
586
599
6an
510
628
638
648
658
=1
670
360
681
682
6gx
6an
7eo
718
7o
738
748
741
758
768
761
7TO
7ea
781
794
=3u]s)
801
818
520

BE93-2. 561 9E-4#HI T o TI1+1 . BEE-7#HI T 0#T11~2+. 18645+HTI (I 0 +3, 697 2E-45T11

T12:-@
Y111=9
ylal=g
ylz2z2=9
Y124=8
Crpp=8@
FRIMT USIMG “LODD,1%,D0,1#,00,&,DD.D";7T8, 5, A, HICA:
PRIHT LIMG1:
D=1
Di1=1.5
IF p=2 THEN I1i1=1.5
Hl=T1lls¢l-gpup¢-ccDnli-A43-Bo~Cn
He=T11#(1-EXPC-¢eD11+1-R4 2 Bo~Co)
Ti12=H2-H1
IF p=1 THEN T112=H1
TI1°—PRDUanT112,ab
BA=, 23727+5.9139-H1 (A
195 m— BlCE4S4TI1-A-.113528H1I (A +, AO1ATISTI1+, GRLIE2SB4HI (A2
1¢

Hlpg=Hl¢qy#+ExpcEa+el-ID

CB=3,7392-, 5435651+, a4ﬁuu¢ #H1¢T3+5, TapaE_4sleatd o129 -a51-3+T11
c1=-.€5?34- AAZS18S5T%1~2+1 . 3202E-S551%T11

S1=H1 (| »*EXPCCE+CL n>

Cr=(H18-S13-H10%18&

IF Cr<=5 THEHN C+r=18
EaR=D~2%(3- 1415325457 gr«T112
TEE=,08535+.BB21 37 1+D~2:H1A
TA12=ToB*T112
Tal Topzcltlanc-.30325+Ta
Tol1a=Tai=T112
T1£1 Tizi+Tel12
Tile3=Ti123+Ta13
511=511+EB88

Niz=N*7T112
012=013+012
Crpc=CrsT112
Crpp=Crpp+Crpc
Cr=FROUNDLCr,-13
Ti1i=T111+T112

IF =1 THEN 3398

IF Tl {2:.500800608a1 THEM 218
IFD{4'THEN 29a

Wwld=Tpa - cl+lgnc-1 2415 Taaac-1.2137;
v11¢ W14#T112
V112=P ROUMDOWILE, ~12
yi19=yldsrl+lgac-- zga25isy L4y 212350
M113=W19«T112
W11lz=pROUHDLWILIZE,~15
WE=TOA 01 +18~{-. 5 4333+ TaR (-1 . 38240
W1ld=M1ET112
Wila= PRl:nmnw114 ~1n
w17y g8l B0 2EIESEVIEA(- 2189500
V115=V17«T112
Y115 =PROUHDCYILS ,~1 2
w11l1=%w111+4112
ylolowlal+ylls

-

o
Fu)

N

D

16

f'-."
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838 VIzZI=v1z23+V114

848 V124=%124+¥115

850 PRINT USIHG "17%,DD,24,DD0,1%,DD.D,2(2%, 0Ly, 2%, !DD,0,2%,00010,0,2¢2%, DD, D, 2%
,DDD.D3"; D, T112,E08,Cr H1G, TA12,TE12,Y113,Y112,V115,%Y114

268 D=D+ 1

861 Dii1=D11+1

878 IF D<11 THEN 586

888 GATO91A

298  PRINT USING "17X,DD0,2¥,000,1%,0D. D, atg¥, bl , 2%, DDD. D, 2%, D00, B30, Ti12, BOA, G
ryH1®,TB13, TE12

988 GOTO 269

318 D233=D13-T11

928 Ddd4=50R(S511-¢.805454%T1 12>

938 Ri=T&(I>

948 R2=TAAL:

958 SS5S=R1-RZ+100

951 Barcr=CipprT11

§%8  BHAGE 29+, . USING YT "

972 I FD{5 THEN 1 868
BOODP TANODDOS DT 111, 511, T1253, T121,%121,%111,¥124,%123, IXPDDD.Iy1% DD h.Gix, ol

981 PRINT LINCL2

990 GOTO 1e3e

l&é@a PRINT USING "2@%,DDDD,2%,DD.D0,9%,000.0, 1%, DD0.0";T141,511,T125,T121

18681 PRINT LIM<LX

1838 PRINT USING "1i¥A,D.DD,1X,18A,D.DD"; “ARITH. MERN DBH =",0323," QUIARDR. MEAN DE
H =", D44

1833 PRINT USING "17A,D.DD,2¢1%, 2/, D. 0D " ; "WEIBULL FARAMIA=", R4 UR=y B"C=" [
1848 FRINT USING "12A,1X, DDD. D, 5%,12A,1%, DDD. D";"SURYIYVAL %=",55%5,"MEANK CROWH RA
TIO %=", Barcr

1841 PRINT LIMHCE:

1858 NEXT A

1851 FRUSE

1868 HEXT To

1878 NEXT S

1898 END

12



Appendix D-Predicted Stand and Stock Tables for Young Natural Longleaf Pine
at Various Initial Densities, Site Indices, and Ages

YIELDS GIVEN TSO (# OF TREES PER ACRE AT DESIRED INITIAL AGE) WITH TYPICAL SURVIVAL--

----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

ML TREES X A-INCH CLASS AND GREATER
Au. STEMS SERKKEENSAKRRAFOR O.B. TOPS OF---—EXXEXKEEREXENN
T50(40) SI  AGE D+C DBH PER BASK CR  AU. 0 INCHES X 2 INCHES % 3 INCHES
HT. ACRE  AREA M. 0B 1B % OB. 1B % OB. IE.
30 70 10 9.1
1 183 1.0 702 6.7 7.9 3.7
2 59 1.3 761  12.2 1.9 6.6
3 { 0 770 14.9 5 3
243 2.3 20.3 10.6
ARITH. MEAN DBH = 1.3 QUADRATIC HEAN DBH =1.33 UEIBULL PARAMETERS A = .SS B = .80 € =199
% SURVIVAL= 100.0 MEAN CROWN RATIO = 74.8
———_CUBIC FOOT YOLUME ABOVE 0.2 FOOT STUMP-~—-
ALL TREES X A-INCH CLASS AND GREATER
AV. STEMS EXEEKLRARKLRAFOR O .B. TOPS OF —~--KXLXXRKRXAAARX
TS0(40) SI  AGE D+C DBH PER BASAL CR AV. 0 INCHES % 2 INCHES ¥ 3 INCHES
M. ACRE  AREA HT. O.B. I.E. % OB  I.E. % 0.B. I.E.
6 70 15 24.9
i b N S6.4 5.0 .2 N |
2 % 12 742 1441  13.0 7.4
3 123 6.0 78.4 9.9 786 49.2
A 23.7  fib.6 77.2 109.4  72.1 8.4  57.0
5 Wi M1 WM3 263 443 30.5 42,8  29.4 /L 26.0
b L 2 819 282 32 22 3.0 2.2 2.9 2.0
T30 18.4 255.9 6.6 155.3 103.7 120.1_ 85.0
ARITH. MEAN DBH = 3.2 QUADRATIC HEAN DBH =3.3% YEIBULL PARAMETERS A =.5% B =2 .98 c -3.40
71 SURVIVAL= 100.0 MEAN CROMN RATIO = 78.0

13



----CUBIC FOOT WVOLUME ABOVE 0.2 FOOT STUHP----

AU STEMS KEAEARARAERSNEFOR O.B. TOPS OF--—-BKERKAKRKXEXEX
T80(18) SI ACE D¢ DBH PER BASAL CR AU O INCHES % 2 INCHES % 3 INCHES
HT. ACRE  AREA T 0B. I1.B. 8 O.B. 1.B. & O.B. I.B.
300 79 20 36.4
2 0 8.0 405 57 00 0.0
3 51 4.7 e0.4 176 1.9 1.4
7.6 K568 NIEL 281 17.9
4 87 407 950 i34.3  90.4 iis3  75.9
s 107  i4.6 691 346  290.8 293.9 283.9 198.7 261.2 181.8
b S 406 699 373  22i.4  iS9.6 2i8.2 157.2 208.0 149.3
7 § 21 705 39.4 461  33.9 45.6  33.6 4.3 325
298 36.8 7291 5115  682.0 479.9 627.8 439.5
ARITH. WEAN DBH = 4.6 QUADRATIC MEAN DBH 24.75 VEIBULL PARANETERS A = S5 B =448  C =4.48
Y SURVIVAL= 99.6 MEAN CROUN RATIO = 68.0
~——CUBIC FOOT YOLUNE ABOVE 0.2 FOOT STUMP----
ALL TREES % A-INCH CLASS AND GREATER
. STEMS SXAXKKERSKERNAFOR O.B. TOPS OF----BKEKEXKXXEXEXS
TS0(i8) S1  AGE D+C DBH PER BASAL CR AU. 0 INCHES X 2 INCHES % 3 INCHES
HT. ACRE  AREA T 0.B. 1.B. % O.B. 1.B. % O.B. 1.B.
800 70 10 9.1
£ 226 i.2 695 6.7 9.7 4.5
2 75 6 75.8 124 154 8.4
3 { Y 776 148 s 3
N2 29 53 i3.2
WITH. NEAN DBH = i.3 QUADRATIC WEAN DBH =1.33 WEIBULL PARANETERS A= SS B = .80  c =i 94

1 SURVIVAL= 100.0

14
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----CUBIC FOOT UOLUHE ABOVE 0.2 FOOT STUMP----

av. STEMS FEESEREXRAAERLFOR O_B. TOPS OF---~SXKERXXKEXKKKK
T50¢(10) SI AGE D0+ DBH PER  BASAL CR AV, 0 INCHES % 2 INCHES x 3 INCHES
HT. ACRE AREA HT. 0.B. I.B. # OQB. [.B. ¥ OB I.E
600 70 15 24.9
i 49 .3 53.5 5.3 1.8 .8
2 189 4.1 72.8 14.6 44.5 25.2
3 214 19.5 77.3 20.4 i39.7 87.5
4 110 9.6 79.2 24.1 t141.7 93.9 133.1 87 8 107.6 69.8
S 21 3.7 80.3 26.7 57.7 39.7 55.8 38.4 49.8 34.0
b 3 & 81.0 28.6 9.6 6.8 9.4 6.7 8.8 6.2
S92 28.8 -394-9 254.0- -198.3 132.9 ieb.2  110.0
ARITH  HEAN DBH = 2.8 QUADRATIC MEAN DBH =2.98 WEIBULL PARMETERS & = .S% B =2.55 c =2.49
% SURVIVAL= 99.9 WEAN CROUN RATIO = 74.4
----CUBIC FOOT UOLUHE ABOVE 0.2 FOOT STUMP--—-
ALL TREES % 4-INCH CLASS AND GREATER
AU. STEMS KEXEREKRRRRRLAFOR Q. B. TOPS OF----KXXKXEAXEXXRRXK
T80{(40) SI1 AGE D+C DBH PER BASAL CR AU. 0 INCHES £ 2 INCHES % 3 INCHES
HT. ACRE AREA HT. O0.B. 1.E. ¥ O.B. 1.B. ¥ 0.B. 1.E.
600 70 20 364
i 10 Y 34.9 6.5 A .2
2 72 1.6 56.2 i8.8 2i.2 52.3
3 157 7.7 b .7 26.8 131.2 84.0
4 182 5.9 64.1 32.0 303.5 205.4 290.2  195.7 248.4 1655
S 120 16.4 £5.5 35.5 334.3 234.8 32b.S  229.0 301.3 210.1
6 43 8.4 38.1 180.0 i29.9 177.5 128.0 ib9.3 {21.8
7 8 21 64 670 40.1 46.9 34.6 4b.S 34.3 45.1 33.2
8 i 3 67.5 41.7 7.8 5.9 7.8 5.8 7.6 5.7
$93 52.5 1025.3 707.0 848.5 592.8 771.7  536.3
ARITH. MEAN DBH = 3.8 QUADRATIC HEM DBH =4.03 UEIBULL PARAMETERS A = .S5S B =3 .68 c =3.00

% SURVIVAL=

99.1

HEAN CROUN RATIO =

62.4
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----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

A ALL TREES 4 4-INCH CLASS AND GREATER
. STENS IASERRARRRANRAFOR O.B. TOPS OF-——-SKERKNRXEASENS
T780(10) SI AGE D+C DBH PER BASAL CR AU. 0 INCHES X 2 INCHES % 3 INCHES
HT. ACRE AREA HT. 0.B. I1.B. £ O0O.B. 1_.B. ¥ 0.B. 1.B.
900 70 10 9.1
{ 14 .
2 8 8 1.9 ERA 6.6 11.1 S.4
12.1 17.4 9.7
3 2 4 7.4 14.8 1.0 b
W 3.4 " 29.4 1f.4
ARITH. MEAN DBH = 1.3 QUADRATIC NEAN DBH ={.34 UEIBULL PARAMETERS A = .55 B =.84 c =94
Z SURVIVAL= 108.0 MEAN CROUN RATIO = 71.8
--—-CUBIC FOOT UOLUHE ABOVE 0.2 FOOT STUMP----
ALL TREES & 4-INCH CLASS AND GREATER
AV, STENS KEREREERRRSRRAFOR O_B. TOPS OF----SEEXEARSXREERE
150(i6) 51 AGE D+ DBH PER BASAL CR AU. O INCHES ¢ 2 [INCHES % 3 INCHES
HT. ACRE AREA HT. 0.B. 1.B. 4 O.B. |.B. t O.B. |.B.
900 70 15 249
i 137 .7 51.0 5.7 S_.3 2.4
2 34S 6.9 71.5 iS¢ 76.2 43.3
3 255 12.5 76.2 20.8 169.7 106.4
4 {15 0.0 78.3 24.5 §{56.3 99.8 141.4 93.4 {44 6 74.5
s 31 4.2 79.4 27.0 67.0 46.2 64.9 446 58.0 39.6
b 289  Ibl 11.4 158 1.2 148 104
7 W W3 mim 302 45 33 44 32 43 31
89 35.6 489.0 312.9 2265 152.4  191.7 127.6
ARITH. MEAN DBH = 2.5 QUADRAT|C MEAN DBH =2.76 YEIBULL PARAMETERS A = .SS B =2.2% C=2.03

% SURVIVAL= 99.8

16
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««<=CUBIC FOOT VOLUNE ABOVE 0.2 FOOT STUMP----

AU. STEMS SXEXEENERSLARAFOR O_B_ TOPS OF ~-<-KXXEXKKXREXXXXK
TS0(10) SI  AGE  D+C DBH  PER BASAL (R AV. ¢ INCHES 2 INCHES %  3INCHES
HT. ACRE AREA HT. O0.B. 1.B. 4 0.B. 1.8. X O.B. 1.B.
900 70 20 36.4
{
2 %8 133 29.2 7.4 2.9 1.3
51.8  20.0 .5 3.9
3 248 12,2 576 27.9 2i5.2 {38.2
4 60.3 33.0 338.2 229.3 323.6 218.9 278.7 i86.2
S 197109 12149 61.8 36.4 0.8 2is8.7 303.8 213.4 280.9 196.3
6 43 8.4 62.7 38.9 183.5 132.6 i8i.0 130.7 172.9 124.5
7 i2 3.2 63.4 40.8 71.5 52.8 70.9 SE.3 68.9 S0.7
8 3 1.0 63.9 42.3 23.8 17.9 23.6 17.7 23.2 17.4
872 61.6 1207.3  826.7 903.4  633.0 B24. 6 S75.4
ARITH. MEAN DBH = 3.3 QUADRATIC MWEAN DBH =3.4&0 UEIBULL PARAMETERE A = .5S B =3 44 C =2.18
1 SURVIVAL=  97.7 BEAN CROYN RATIO = S5.8
----CUBIC FOOT VOLUHE ABOVE 0.2 FOOT STUMP----
ALL TREES 4 4-INCH CLASS AND GREATER
AV, STENS SEREKKARSASRERFOR O_B. TOPS OF~-=-$XKXKABXERRAXE
T50¢40) SI AGE D+C DBH PER BASAL CR AU. O INCHES &% 2 INCHES ¢ 3 INCHES
HT. ACRE AREA HT. O0.B. 1.B. ¥ 0.B. 1.B. ¥ O0.B. l.E.
1200 70 i0 9.1
i 293 i.6 68.2 6.5 12.5 5.8
| ift222 .4 1372 120 W) 20.1 1.0 ii.2 .6
3963.9 33.6 17.6
ARITH. MEAN DBH = i.3 QUADRATIC MEAN DBH z§ 34 YEIBULL PARAMETERS A = 8% B = .81 C ={.87

% SURVIVAL= 100.0

MEAN CROWN RATIO = 70.1
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----CUBIC FOOT VOLUKE ABOVE 0.2 FOOT STUHP----

av. STEMS EXRRERRKEXRRRAFOR O.B. TOPS OF ----SEXKSRXKXEXXRK
T50(30) 51 AGE D+C DBH PER BASAL CR AU. 0 [INCHES 2 INCHES 8 ' 3 INCHES
HT. ACRE AREA HT. 0.8B. 1.8. ¢ O.B. 1.B. 8 0.B. 1.B.
1200 79 if 24.9
2 221 9.3 48.6 6.1 6.9 4.1
3 mm 14.6 BN 42155 AwAME 1263605
4 116 10.4 77.4 24.9 153.5  102.0 144.6 9S.b iii.6 76.5
S 28 3.8 78.6 27.3 b1 4 42.2 59.2 40.8 53.0 36.2
6 S 1.0 79.3 29.1 ib.3 ii.5 16.0 i .3 14.9 10.5
1095 40.0 546.9 346.7 219.8 147.7 185.5 123.2
ARITH. MEAN DBH = 2.4 QUADRATIC MEAN DBH =2.59 YEIBULL PARAMETERS A = .55 B =2.0b6 C =19
% SURVIVAL= 99.4 MEAN CROMWN RATIO =68.2
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES 8 4-INCH CLASS AND GREATER
AV, STEMS EXREXSENERAAAAFOR O.B. TOPS OF ---—XEXKXKEXXRAXXKE
T80(48) SI1 AGE D+C DBH PER BASAL CR A&V, 0 INCHES 2 INCHES 8 3 INCHES
HT. ACRE AREA HT. 0.B. I1.B. 8 0.B. 1.B. 8 0.B. 1.8
1206 70 20 364
i 124 .7 23.9 8.2 6.4 2.9
2 300 6.5 47.7 2110 97.6 §7.3
3 308 15.4 53.9 28.9 276.2 177.8
4 213 18.6 56.7 33.9 374.0 254.6 359.4 243.4 310.7  2o0e.i
S 108 14.7 58.3 37.2 314.1  221.3 307.2 216.1 204.7  199.2
b 42 8.2 59.3 39.6 iB2.2 431.9 i79.8  130.0 172.9 124D
7 13 3.5 60.0 41.5 78.6 S8.1 77.9 57.6 75.8 55.8
8 3 1.9 60.5 42.9 241 18.4 23.9 18.0 23.5 17.6
9 b .4 60.9 44.0 10.3 7.8 i0.2 7.8 10 .4 7.7
1142 8.9 1364.4 9200 Q584 6720 876.8 612.4
ARITH. MAN DBH = 3_i QUADRATIC MEAN DBH =3.37 WEIBULL PARAMETERS A = .55 B =2.84 c =195
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1 SURVIVAL=

94.5

MEAN CROYN RATIO =

S0.2



----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP-~--

AU. STENS KEXSEKAEARERRAFOR O.B. TOPS DF----KEXEEERKKEAKXS
T50(40) SI  AGE D4 DBH PER BASAL CR Al 0 INCHES X 2 INCHES ¥ 3 INCHES
HT. ACRE  AREA HT. 0B. 1.B. $ 0.B. 1B & 0B IE
1500 78 10 9.1
{
2 Wi wi mE 6.5 140 6.5
12.0 22.8 12.7
3 3 A 10 A 1.5 9
M8 4% " 38.2 20.i
ARITH. MEAN DBH = 1.3 QUADRATIC WEAN DBH =1 35 WEIBULL PARAMETERS A = 55 B = 81 € =i.84
1 SURVIVAL= 100.0 MEAN CROUN RATIO = 69.5

--—-CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

ALL TREES X 4-INCH CLASS AND GREATER
V. STEMS KXSEREXRXKASXAFOR O_B. TOPS OF----ASXBXBXRXKRXRK

T80(i0) S1- AGE D+C DBH PER BASAL CR AU. O INCHES % 2 INCHES % 3 INCHES
L1 ACRE AREA HT. 0.B. 1.E. ¥ O.B. 1.B. % 0.B. 1.B.

1500 70 iS5 24.9

i 263 i.4 46.4 6.3 10.9 5.0
2 S62 12.3 69.1 15.9 i42.4 81.4
3 359 i7.b 74.3 21.6 246.7 155.2
4 io8 9.4 76.5 25.2 144.6 96.2 136.3 90.3 iii.2 72.4
S {6 2.2 77.8 27.6 35.3 24.4 34.2 23.6 30.6 20.9
b i .2 78.6 29.4 3.3 2.3 3.2 2.3 3.0 2.1
1309 434 '583.2 364.6 1737 iib.2 1448 954
ARITH. HEAN DBH = 2.3 QUADRATIC MEAN DBH =2.46  WEIBULL PARAMETERS A = S5 B =19  C =2.07
1 SURVIVAL= 98.6 NEAN CROUN RATIO = 66.7
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----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

AvV. STENS ESERESERRRENNRFOR O.B. TOPS OF----SKKEKSKEEXREXK
750(40) SI ACE D+C DBH PER  BASAL CR V. 0 INCHES £ 2 INCHES ¥ 3 INCHES
HT. ACRE  AREA HT. 08. 1.B. % QOB |.B. $ QB. 1I.B.
is08 /0 20 36.4
t 14t 8 199 8.9 7.4 35
2 367 8.0 446 2i.9 i23.8 72.7
3 378 48.6 S4.0 207 346.9 223.8
4 244 213 539 345  437.0 297.3 419.4 204.5 363.8 244_i
S 109 149 S55 37.8  321.6 226.8 314.7 2216 292.0 204.6
6 56.6  40.1  is3.7  iii.3 151.7 109.8 1452 104.8
7 50 @l 57.4  4i.9  48.9  3L.i 48.5  35.8 7.1 34.8
8 { 3 579 43.3 8.1 6.1 8.1 6.1 7.9 5.9
1283 728 1472 977.7  942.4 657.8 856.0 594.2
ARITH.NEAN DBH = 3.0 QUADRATIC NEAN DBH =3.23 UEIBULL PARAMETERS A= 55 B =2.73  C =2.04
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% SURVIVAL=

88.2

HEAN CROWN RATID = 46.9



----CUBI C FOOT VOLUME ABOVE Q.2 FOOT STUMP---—-

ALL TREES 8 A-INCH CLASS AND GREATER
av. STEMS IERRRBEIRXAANFOR O.B. TOPS OF----88888888888888
T50¢18) SI ACE D+C DBH <"PER BASAL CR av. QINCHES 8 2 | NCHES t 3 INCHES
HT ACRE  AREA HT. 0.B. [.B. 8 QB. |.B. £+ OB 1.8
300 8o 10 10.4
1 .9
2 104 £62 2.3 T4l 6.3 6.7 34
12.4 208 1.6
3 4 2 73.4 5.4 2.1 i.2
20 3.3 T 2.6  15.9
ARITH. MEAN DBH = 1.4 QUADRATIC MEAN DBH =i.5% WEIBLL PARAMETERS A= .58 B= .99 C =2.09
1 SURVIVAL= 100.0 MEAN CROMN RATIO = b5.i
-—--CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES 8 4-INCH CLASS AND GREATER
av. STEMS RLRKESEANNINLFOR O.B. TOPS OF----88888888888888
TSO(LD) SI ACE D+C DBH PER BASAL CR av. 9 INCHES 8 2 INCHES 8 3 INCHES
HT. ACRE  AREA HT. 0.B. 1.B. 8 0O.B. |.B. 8 o.B. I.B
300 8¢ {5 28.4
i .0
2 3 20wl wdd 7.4442.Q
3 95 4.7 729 2.3 b4.4 40.5
4 1473 97.6 120.6 78.6
s W% om0 BABE msl) I6.i 159 104.0 80,2 124 77.7 101.2 69.4
6 b 1.2 7.7 307 20.5 14.6 20.1 14.3 iB.9 13.4
30 23.5 -- 3b4.3 2435 279.8 -—- i89.b 240.7 ibi.4
ARITH. MEAN DBH = 3.7 QUADRATIC MEAN DBH =3.79 YEIBULL PARAMETERS A = .SS B =3.45 c 21.73
% SURVIVAL= §00.0 NEAN CROWN RATIO = 73.8
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----CUBI C FOOT VOLUNE ABOVE 0.2 FOOT STUMP----

AV, STEMS ERRERRRRRRARRAFOR O.B. TOPS OF-—--KXXXRXEXXEXKKK
T50¢(10) SI AGE D+C DBM PER BASAL CR AU. 0 INCHES % 2 INCHES % 3 INCHES
HT. ACRE AREA HT. 0.B. IE. & O0.B. I1.B. % 0.B. 1B

380 80 20 41.6

i ! 0.0 26.1 6.6 0.9 0.0
2 e .8 %149 a1 al 144D 4
3 9.3
4 5% B4 46 B8 LA 298.2 %hi 65.4 92.3 62.6 80.2 53.9
5 210.7 292.0 206.% 274.8 1909
b 92 8.4 61.4 42.b 422.8 306.4 416.7  302.4 399.9 289.4
7 34 9.1 62.1 44.3 219.0 162.4 2i7.2  161.0 211.6  156.6
8 3 1.0 62.6 4b.i 25.8 i9.s 25.7 19.4 25.2 19.0
298 47.0 — e |0760774.1 — e 1043.9 7515 e 988.7709.8
ARITH. MEAN DBH = 5.2 QUADRATIC MEAN DBH =5.36 WEIBULL PARAMETERS A = .55 B =5.43 c =4.9¢
Z SURVIVAL= 99.9 MEAN CROMN RATIO =60.0
--—-CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES & A-INCH CLASS AND GREATER
av. STENS IEXARRERLALARAFOR O.B. TOPS OF -——-XXERXBAKEXKAAK
TS0¢10) SI AGE D+C DBH PER BASAL CR AV, § INCHES s 2 INCHES % 3 INCHES
HT. ACRE AREA HT. 0.B. I.B. ¥ O0.B. 1B % O.B. 1.B.

608 80 i 10.4

i 230 1.3 59.4 6.2 9.4 4.4
2 144 3.1 70.1 12.0 28.0 15.6
3 8 4 729 is.0 3.9 2.4
LX) C41.4 22.4 ) ) ) )
ARITH. MEAN DBH = 1.4 QUADRATIC MEAN DBH =i.5i WEIBULL PARAMETERS A = .5S B=.98 C =i.98
1 SURVIVAL= 100.0 NEAN CROUN RATIO = 63.6
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---CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

Y. STEHS SEASMAREINFOR 0.8, TOPS  OF----83883888888888
150(10) I AGE D+ DBH PER BASAL CR AV, 0 INCHES & 2 INCHES % 3 INCHES
HT, ACRE  AREA HT. OB. IB. § OB 1B. % OB. IE
fi SO 15 204
i 31 .a 36.7 5.3 1.2 .5
2 14 32 54 153 358 204
3 20 103 7i4 2.8  145.5 OL6
A 741 260 202.8 {352 19i.b 127.2 157.4 102.9
S WR 812 75b  28.9  122.0  84.6 1484 819 06.8 733
b 9 18 7bb  3i.i M4 222 30.6  21.8 28.8 204
7 i .3 77.2 32.7 4.8 3.5 4.8 35 46 3.3
%97 358 543.1  358.0 345.4 234.4  297.6 199.9
ARITH. MEAN DBH = 3.1 QUADRATIC MEAN DBH =3.34 MIBULL PARAMETERS A =.55 B =2.%0 C z2.63
% SURVIVAL= 100.0 HEM CROWN RATIO = 9.2
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES 3 4-INCH CLASS AND GREATER
. STEHS SHSLKSISIRNANIFOR O.B. TOPS OF-—--83838838838888
15040} 81 AGE D+C DBH PER BASAL CR AV. @ INCHES 8 2 INCHES 8 3 INCHES
HT. ACRE AREA HT. 0.B. 1.B. 8 O.B. 1.B. 8 O.B. |.B.
500 SO 20 L6
{ 5 8 090 76 2 4
2 46 1.0 445 21.5 is.2 8.9
3 120 5.9 5i.i 30.4 112.6 72.7
4 174 15.2 54.i 36.1 325.3 222.0 3i2.9 2i12.9 273.4 i04.2
5 151 206 5.8 40.i  471.0 333.5 4645 326.3 430.6 303 .0
b 17 15.1 51.9 43.0 360.6 262.2 356.3 258_.9 342_.2 248.0
7 24 5.6 57.6 45.2 137.7 i02.2 136.6 101.4 133.2 90.7
8 3 1.0 58.2 46.9 26.2 19.8 2b.i 19.7 25.6 19.3
597 BAS i248.8 10215  i293.4 919.2  {205.0 853.2
ARITH. MEAN DBH = 4.2 QUADRATIC NEAN DBH =4.4S YEIBULL PARAHETERS A = .5% B =4 14 C=3.24

1 SURVIVAL=

99.7

MEAN CROWN RATIO =

53.3
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----CUBIC FOOT VOLUKE ABOVE 0.2 FOOT STUNP----

ALL TREES % 4-INCH CLASS AND GREATER
AV, STEMS SXKEXNRKXRKRALFOR O .B. TOPS OF-——-XXXXRXEXANKEXK
T80¢10) S1 AGE D+C DBH PER BASAL CR Av. 0 INCHES ¢ 2 INCHES ¢ 3 INCHES
HT. ACRE AREA HT. 0.8B. I.B. % O.B. I.B. & OB. 1.B.
900 80, it 10.4
i 273 15 58.2 6.i 1.4 5.4
2 164 3.6 69.5 ii.9 32.4 8.0
3 i0 .S 72.6 9 4.9 3.0
4475 .6 48 .4 26.2

ARITH. HEM DBH = 1.4

QUADRATIC MEAN DBH =4.54

1 SURVIVAL= {00.9

UEIBULL PARAMETERS A = .55 B = .98 c =1.93

MEAN CROWN RATIO = 62.5

--—-CUBIC FOOT WVOLUKE ABOVE 0.2 FOOT STUMP----

ALL TREES & 4-INCH CLASS AND GREATER
av. STEM KEEXKESXKRSRKEFOR O B. TOPS OF —---BXXEXXKEXKEXRX
T60¢10) ST _ AGE D+ DBH PER BASAL CR Al 0 INCHES %X 2 INCHES % 3 INCHES
HT. ACRE  AREA M. 0.8. 1.B. ¥ O.B. I.E. % O0.B. 1B
900 80 15 28.4
£ 42 6 33.0 56 4.3 2.0
2 204 6.2 633 158  71.6 40.9
3 28 3.2 70.0 22.3 189.5 119.5
4 50 131 72.8 265 2io.2 140.3 198.8 132.1 164.0 §07.3
5 S4 7.4 744 29.3 125.9 07.3 122.2  84.6 iio.4  75.9
b 13 2.6 75.4 3i.4 45.4 32.4 4.6  3i.8 2.0 29.8
7 2 S 761  33.0 9.8 7.1 9.7 7.0 9.3 6.8
883 43.5 656.7 429.6  375.3 255.5 325.7 219.8

ARITH. WEAN DBH = 2.8
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QUADRATIC MEAN DBH =3.00

X SURVIVAL=

99.9

YEIBULL PARAMETERS A = .55 B =2.5¢ C =2.05

MEAN CROWN RATIO = 64.0



----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUNP----

AV STENS AKESSKERRRASKEFOR O_B. TOPS OF----SXKXEXKKKEEXRY
T50(48) SI AGE D+C DBH PER BASAL CR AV, § INCHES X 2 [INCHES % 3 INCHES
HT. ACRE AREA HT. 0.B. 1.B. ¥ O.B. 1.B. X O0.B. 1.B
900 80 20 41._6
i 49 .3 11.7 8.6 2.5 1.2
2 167 3.6 38.7 22.9 58.5 34.6
3 230 11.3 45.7 31.7 224.6 145.6
4 209 la.2 48.9 37.3 402.7 275.% 387.9 264 .6 340.7 230.2
S 137 18.7 50.7 41.2 437.9 310.6 429 _4 304.1 401.5 283.0
[ Y 13.2 51.9 43.9 320.3 233.2 3ib.S 230.3 304.4 220.9
7 25 6.7 52.8 46. 166.9 124.0 165.6 123.0 161.5 119.8
8 7 2.4 53.4 47.7 62.1 46.9 61.8 46.7 60.8 45.9
9 i 4 53.8 49.0 11.4 a.7 11.3 a.7 11.2 8.6
892 74.8 1686.9 1180.?_> 1372.5 977.4 1280.{ 908.4
ARITH. MEAN DBH = 3.6 QUADRATIC MEAN DBH :3.93 UEIBULL PARAHETERS A = .%% B =3.48 c =2.22
% SURVIVAL= 99.2 MEAN CROUN RATIO = 44.8
----CUBIC FOOT UOLUNE ABOVE 0.2 FOOT STUMP=~--
ALL TREES % 4-INCH CLASS AND GREATER
AU STEMS SAKEXSXRKKERRAFOR O B, TOPS OF----KXSRKEKSSSXENRE
T50¢(40) SI AGE D+C DBH PER BASAL CR AU. O INCHES & 2 INCHES x 3 INCHES
HT. ACRE AREA HT. 0.B. I1.B. £ O.B. 1.B. ¥ O.B. 1B
1200 80 10 10.4
i 316 1.7 574 6.0 12._8 5.9
2 187 4.1 69.0 11.8 36.7 20.5
3 13 .b 72.2 i4.8 b.4 3.9
516 6.4 559 30.2
ARITH. MEAN DBH = 1.4 QUADRATIC MEAN DBH =i .51 UEIBULL PARAHETERS A = %% B =.98 c =i 88

% SURVIVAL= 100.0

HEAN CROUN RATIO = 61.7
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----CUBIC FOOT VOLUKE ABOVE 0.2 FOOT STUMP----

AU. STEMS EREXKXERREKARRFOR O B TOPS OF --—-BKKXXEXXKKRAXE
T50(10) 81 AGE D¢ DBH PER BASAL CR AU. 0 INCHES % 2 INCHES % 3 INCHES
HT. ACRE  AREA HT. 0.B. 1.B. ¥ 0B. 1B % OB K
1200 80 15 28.4
{ 194 14 20.4 6.0 7.8 3.6
2 Af 9.0 bi.5 ib.3  106.6 6i.i
3 330 ib.2 68.5 228 237.9 150.3
4 157 13.7 7i.5 269 223.3 {49.2 241 4 140 7 174 9 444 7
5 49 6.7 73.2 29.7 156 80.2 1"2.3 778 1016 699
6 10 2.0 74.3 3.8 35.3 25.2 34.7 247 2.7 232
7 2 5 75.0 33.3 9.8 7.2 9.7 7.1 9.4 68
- z 49.1 -- 736.3 476.8 '368.1  250.3 348 6 ii4 b
ARITH. MEAN DBH = 2.6 QUADRATIC MEAN DBH =2.79 WEIBULL PARMETERS A = .5% B =2.27 C =4 94
1 SURVIVAL= 99.7 KEAN CROUN RATIO . 68 &
-———CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUHP---~
ALL TREES % 4-INCH CLASS AND GREATER
AvV. STEMS EEXEXRRKAXAXSFOR O B TOPS OF-—--KXXXXXXKXRAREK
T50(10) SI  AGE D€ DBH PER BASAL CR Av. O INCHES ¥ 2 INCHES & 3 INCHES
HT. ACRE  AREA HT. 0.B. 1.8B. % 0.B. I.B. 0B 1B
1200 80 20 416
i 108 b 108 9.8 6.0 2.9
2 274 6.0 32.6 24.4 1044  60.2
3 386 5.0 401 33.1 310.3 201.8
4 238 20.8 435 38.5 472.0 3236 455.2  311.3 401.7 272 i
3 {44  10.2 45.4 422  4bi3327.6 452.5  32i.0 424.0 299 4
b 66 430 467 449  321.7 234.5 B0 23i.6 064 225
7 25 6.7 47.6 46.8  i69.7 126.2 168.4  525.2 ibs.4 122 ¢
8 8 2.8 48.3  48.4 721 54.5 7i.7 54 2 705  53.3
9 2 9 48.8  49.6 23.1 177 23.0 174 27 74
1168  BA4.9 1937.4 1349.0 1488 8 1000.9 1389 4 986 7
ARITH. MEAN DBH = 3.3 QUADRATIC MEAN DBH =3.65 YEIBULL PARAMETERS A = .55 B =313 c =4 9%
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1 SURVIVAL=

98.0

MEAN CROUN RATIO =

37.5



--—-CUBIC FOOT WVOLUNE ABOVE 0.2 FOOT STUNP----

AU. STENS AEXSEKEXSERERSFOR O.B. TOPS OF----KSXXEKSKEKEXLK
780(10) SI  AGE D+C DBH PER BASAL CR AU O INCHES ¥ 2 INCHES % 3 INCHES
HT. ACRE  AREA HT. 0B. 1B % O0.B. 1B % O.B. LB
1500 80 10 10.4
{ 360 2.0 5.7 5.9 14.4 6.6
2 200 46 685 ii.8  41.0 22.8
3 16 8 7i.9 148 7.8 4.8
86 7.3  63.3 34.2 B B B B
ARITH. NEAN DBH = i 4 QUADRATIC MEAN DBH =1 54 UEIBULL PARAHETERS A £ 55 B = .98  C =i 85
% SURVIVAL= 100.0 MEAN CROUN RATIO = 60.8
~———CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES % 4-INCH CLASS AND GREATER
AU STENS ASEEASERERERKSFOR O_B. TOPS OF----SXAKKKEKAEAENS
TS0(16) SI  AGE D+C DBH PER BASAL CR AU O INCHES % 2 INCHES & 3 INCHES
HT. ACRE  AREA HT. 0.B. IB. % OB. |IB. % OB. I|B.
1500 80 15 284
£ 20 44 257 6.4 8.8 41
2 S5 123 597 ib.8 1S0.4 86.5
3 a4 208 671 232 3259 206.2
4 158 3.8 703 273 227.8 152.5 21S.9 143.8 i79.2 ii7.7
5 20 38 720 301 668 464 649 450 588 405
b 2 4 730 321 71 51 70 50 66 4.7
1407 53.5 - 7809 5007  -287.8 i93.8 2446 1629
ARITH. HEAN DBH = 2.5 QUADRATIC WEM DBH =2 63 UEIBULL PARAMETERS A = .55 B =2.46  C =2.23

{ SURVIVAL=

99.2

WEAN CROWN RATIO =

58.4
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----CUBIC FOOT VOLUKE ABOVE 0.2 FOOT STUMP----

A STEMS XEXARKREEXSKSFOR O_B. TOPS OF----SKEKXKRKAKEXRY
150{49) S1 ACE D+C DBH PER BASAL CR AU. § INCHES 2 INCHES 3 INCHES
HT. ACRE AREA HT. 0.B. |.B. O.B. 1.B. 0.8 1.k
1500 80 20 4ib
{ 97 5 100 0.9 5.9 2.8
2 34 7.2 267 258 i8S 767
3 424 20.7 34.6 34.3 441.3 287.8
4 324 28.3 38.3 39.6 bS8.9 452.5 b3b.3 435.9 563.7 382.6
S 165 22.5 40.4 43.1 550.8 391.8 540.7 384. { 507.5 358.9
b 4.7 45.7 282.6 206.2 279.4 203.8 269.2 195.9
7 ] 1235 42.6 47.b 89.5 bbh.7 88.9 6.4 86.8 64.5
8 2 .7 43.3 49.1 18.2 13.8 18.2 13.7 17.9 135
1410 94.6 2175.7 14984 15635 1103.6  i44s.i 10154
ARITH. MEAN DBH = 3.3 QUADRATIC MEAN DBH =3.54 UEIBULL PARAMETERS A = .SS B =3.06 C =2.26
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1 SURVIVAL= 95.3

HEAN CROUN RATIO =

33.0



Farrar, Robert M., Jr. 1985. Predicting stand and stock tables
from a spacing study in naturally regenerated longleaf pine.
U.S. Dep. Agric. For. Serv. Res. Pap. SO-219, 28 p. South.
For. Exp. Stn., New Orleans, LA.

Paper outlines a prediction system developed to calculate
stand and stock tables for stands of natural longleaf pine 10
to 20 years old. The system also provides entry to other stand
volume prediction and projection systems that usually start
at age 20.

Additional keywords: Pinus palustrus; volume prediction;
volume yields; crown ratio, survival prediction.
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